Snail control could play an important tool in campaign to reduce the incidence of neglected tropical disease (NTD) fasciolosis/schistosomiasis. To achieve this objective, the method of snail control by the use of plant molluscicide is an appropriate approach. The aim of the present study is to evaluate the molluscicidal activity of indigenous medicinal plant Tamarindus indica and Terminalia arjuna against the vector snail Indoplanorbis exustus. I. exustus is the intermediate host of liver flukes Fasciola species. The toxicity of both of plant was time and concentration dependent. The toxicity crude powder of T. indica seed (96h LC50, 156.39 mg/l) was more pronounced than T. indica bark (96h LC50 1104.74 mg/l) and T. arjuna bark (96h LC50 525.79 mg/l). Ethanolic extract of both plants were more potent than other organic solvent extracts. The ethanolic extract of T. indica seed (96h LC50 33.57 mg/l) was more effective than other organic solvent treatments. The 96h LC50 of column purified fraction of T. indica seed (21.37 mg/l) was higher than bark of T. Indica (33.10 mg/l) and T. arjuna (22.49 mg/l). Active components procynadine, saponin and arjunolic acid were isolated and identified in seed and bark of T. indica and bark of T. arjuna, respectively, as evident by same Rf values. Conclusively the plant of T. indica and T. arjuna may be used as potent source of molluscicides.
Introduction
snails serve as the intermediate hosts for the parasitic worms. The most common parasitic diseases caused by them are fasciolosis/schistosomiasis in the cattle as well as in human (WHO, 2007; Thetiot-Lourent et al., 2013 , Adenovo et al., 2015 . Fasciolosis caused by two parasitic trematode, Fasciola hepatica and F. gigantica Mas-Coma et al., 2005; Nyindo and Lukambagire., 2015) . These liver flukes cause endemic fasciolosis in cattle population in eastern Uttar Pradesh, India (Singh and Agarwal., 1984) . Snail Indroplanorbis exustus is acknowledged as intermediate host of Fasciola species (Agarwal and Singh., 1988; Singh et al., 2012a; Kumar et al., 2014) . The disease is closely linked to summer rainfall which favors fluke development and provides an optimum habitat for intermediate host, the snail. Digenean trematode parasites are responsible for the significant reduction in economic prosperity and quality in most of tropical region (Khoramian et al., 2014) . Presently, human fasciolosis placed under the food-borne trematodiasis as a neglected tropical disease (NTD) (Mas-Coma et al., 2014) . Human fasciolosis affects approximately 50 million people and over 180 million are at the risk of infection in tropical and subtropical countries (Nyindo and Lukambagire., 2015) . Treatment of fasciolosis requires cost related and high or multiple doses of drugs with some side effects (Abdul-Samie et al., 2011) therefore, the control of snail population is an essential tool to reduce the fasciolosis because, and gastropods represent the weakest link in the life-cycle of trematode Singh et al., 2014; Njeh et al., 2015) . The use of molluscicides (Synthetic or plant product) has been and still is the most important methods for reducing snail population. Synthetic molluscicides have played a very effective role in controlling the population of harmful gastropods (Singh and Agarwal 1983; Salem et al., 2014) . Adverse effect of the synthetic molluscicides to fish as well as to other non target organisms is of great threat to ecosystem. There is a need for safe and cheaper molluscicides. Molluscicides of plant-based are being evaluated (Rallinson et al., 2013) . Plant molluscicides are now gaining great importance because they are cheap, effective, and safe to non-target animal and culturally more acceptable (Marston and Hostettmann., 1985; Singh et al., 1996) . The aim of the present study was therefore, to screen two indigenous medicinal plants Terminalia arjuna (Family-Combretaceae) and Tamarindus indica (Family-Leguminosae) molluscicidal activity and also attempted to identified the active components from such plants. Earlier their molluscicidal activity is not reported, yet a large number of pharmacological effects of both of plants have been noted by various scientists (Ahemad et al., 2013; Morshed et al., 2011; Havinga et al., 2010; Sujeith et al., 2015) .
Materials And Methods

Experimental animal
Fresh water snail Indoplanorbis exustus (0.86±0.038 cm in length) were collected locally from Ramgarh Lake, and low lying submerged areas of Gorakhpur, Uttar Pradesh, India. The snails were acclimatized to laboratory condition for 72 h and used as experimental animal. Ten experimental animals were kept in glass aquaria containing 3L of dechlorinated tap water at room temperature. The pH of the water was 7.2-7.4 and bicarbonate alkalinity, dissolved oxygen, free carbon dioxide were 102.0-105.0, 6.8-7.4, 5.4-6.1 and mg/l respectively. The dead animals were removed immediately removed from glass aquaria to avoid any contamination in aquarium water.
Plants
Bark and seed of Tamarindus indica (Family-Leguminaceae) locally know as "imli" and bark of Terminalia arjuna (Family-Combretaceae) commonly called arjuna and were collected from botanical garden of University campus Gorakhpur (U.P.) India. Plants were identified by Retd. Prof. Prof. S.K. Singh, plant taxonomist, Department of Botany D.D.U. Gorakhpur University, Gorakhpur, India.
Design of Experiment Crude plant products
Fresh bark and seed of T. indica and bark of T. arjuna were washed thoroughly in running tap water and kept in incubator at 45 0 for 48h. The dried parts of both plants were pulverized separately in electric grinder to obtained crude powders. The crude powder then sieved with the help of fine meshed cotton cloth. These fine crude powders, thus obtained were used separately for the toxicity determination. 
Organic solvent extracts
Ten gram of crude powder of T. indica bark/seed and T. arjuna bark were extracted separately with 100 ml each chloroform (99%), ether (98%), Acetone (99%), carbon tetra chloride (95.5%) and alcohol (95%) at the room temperature for 24h. Each preparation was filtered separately through sterilized Whatmann No. 1 filter paper and subsequently evaporated under vacuum. The residues thus obtained were used for determination of molluscicidal activity. The bark powder of T. indica stem yielded 0.18 g of chloroform extract, 0.22 g of ether extract, 0.19 g of acetone extract, 0.23 g of carbon tetra chloride extract and 0.36 g of alcoholic extract and seed yielded 0.20 g of chloroform extract, 0.19 g of ether extract, 0.46 g of acetone extract, 0.150 g of carbon tetra chloride extract and 2.11 g of alcoholic extract. The bark powder of T. arjuna yielded 0.24 g of chloroform extract, 0.21 mg of ether extract, 1.4 g of acetone extract, 0.15 g of carbon tetra chloride extract and 2.01 g of alcoholic extract. Mortality was determined at every 24h up to 96h. Each set of experiment was replicated six times. Concentrations given are the final concentration (w/v) in aquarium water. UCL= upper confidence limits. Significant negative regression (P<0.05) was observed between exposure time and LC 50 of treatments. Ts, testing significance of the regression coefficient -T. indica bark powder , 0.09 + ; Ethanol extract,0.94 + ; acetone , + ; ether extract , 3.00 + ; chloroform , 2.24 + ; Carbon tetra chloride , 2.35 + ; column purified , 0.18 + ; Saponin , 0.196 + . +, linear regression between x and y. ++, non-linear regression between log x and log y .Abbreviation: T. indica bark powder = Tamarindus indica bark powder LCL= lower confidence limit; ULC= Upper confidence limits
Column purification
The ethanol extract of Bark/seed of T. indica and bark T. arjuna and were obtained by dissolving 1.0 gm of each in 25 ml of ethanol separately. Further, the ethanolic extract of T. indica bark/seed and T. arjuna bark and subjected to silica gel (60-120) mesh Qualigens glass, Precious Electro Chemindus Industry Private Limited, Mumbai, India) Chromatography through 95×45 cm column. Five milliliters fractions of elutents were eluted with 95% ethanol for each column preparation. Ethanol was evaporated under vacuum and the remaining solids obtained from elutents were used for the determination of molluscicidal activity.
Pure compounds
Saponin (Sopogenin-10%), Procynadine (cis,trans′′-4,8′′-Bi-(3,3′,4′,5,7-Pentahydroxyflavane) and Arjunolic acid (2,3,23-Trihydroxyolean-12-en-28-oic acid) were purchased from Sigma Chemical Co. U.S.A.
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Figure1
Thin layer Chromatography Molluscicidal component present in the T. indica Bark/seed and T. arjuna bark were identified by Thin Layer Chromatography (TLC). This was performed by the method of Jaiswal and singh (2008) . TLC was done on 20×20 cm precoated silica gel (Precious Electro Chemindus Industry Private Limited, Mumbai, India) using benzene/ethyl acetate (9:1,V:V) as the mobile phase. Spots of column purified fraction of T. indica bark/seed and T. arjuna bark, along with their respective active component were applied on TLC plates with a micropipette. Co-migration of column purified fraction of plant along with their respective active component saponin procynadine and arjunolic acid was done for identification of molluscicidal component. TLC plate was developed by iodine. Mortality was determined at every 24h up to 96h. Each set of experiment was replicated six times. Concentrations given are the final concentration (w/v) in aquarium water. UCL= upper confidence limits. Significant negative regression (P<0.05) was observed between exposure time and LC 50 of treatments. Ts, testing significance of the regression coefficient -T. indica seed powder , 0.28 + ; Ethanol extract ,0.12 + ; acetone , 0.29 + ; ether extract , 0.25 + ; chloroform , 0.19 + ; Carbon tetra chloride , 0.34 + ; column purified , 0.24 + ; Procynadine , 0.15 + . +, linear regression between x and y. ++, non-linear regression between log x and log y. Abbreviation: T. indica seed powder = Tamarindus indica seed powder LCL= lower confidence limit; Mortality was determined at every 24h up to 96h. Each set of experiment was replicated six times. Concentrations given are the final concentration (w/v) in aquarium water. UCL= upper confidence limits. Significant negative regression (P<0.05) was observed between exposure time and LC 50 of treatments. Ts, testing significance of the regression coefficient -T. arjuna bark powder , 6.37 + ; Ethanol extract ,0.04 + ; acetone , 0.24 + ; ether extract , 0.35 + ; chloroform , 0.20 + ; Carbon tetra chloride , 0.17 + ; column purified , 0.10 + ; arjunolic acid , 0.15 + . +, linear regression between x and y. ++, non-linear regression between log x and log y. Abbreviation: T. arjuna bark powder = Terminalia arjuna bark powder LCL= lower confidence limit;
Toxicity Determination
Toxicity experiments were performed by the method of Singh and Agarwal (1984) . Six aquaria were set for each treatment of plant derived molluscicides. Ten experimental animals were kept in glass aquarium containing 3l of dechlorinated tap water. Snails were exposed different concentration of T. indica bark/seed and T. arjuna bark and their active components (Table 1 ). The control groups were kept in dechlorinated tap water under similar condition but without any treatment. Mortality of snails was recorded at time interval of 24h during the observation period of the 96h. The dead animals were removed immediately to avoid any contamination of aquarium water. The mortality of snail was established by contraction within the shell, as no response to needle probe was taken as evidence of death. The LC values lower and upper confidence limits (LCL-UCL) slope value, t-ratio, g-value and heterogeneity factor were calculated by using Polo-Computer program software of Robertson et al (2007) . The regression coefficient between exposure time and different value of LC 50 was determined by the method of Sokal and Rohlf (1996) .
Result And Discussion
The toxicity of bark and seed of T. indica, bark of T. arjuna and their different organic solvent extracted fractions against I. exustus was time and concentration dependent. It was observed that crude treatments were less effective than organic solvent extract. There was a significant (P<0.05) negative correlation between LC 50 and exposure time of the treatments, The LC 50 of crude treatments of T. indica bark and seed was 2150.30 mg/l, 251.31mg/l, at 24h and 1104.74 mg/l, and 156.39 mg/l at 96h, respectively (Table 2, 3 and 4). While the LC 50 of T. arjuna bark was 525.79 mg/l at 24h and 1271.16 mg/l at 96h exposure time. The maximum toxicity among different organic solvent extract was observed in ethanolic extract. The Toxicity of 96h LC 50 of ethanolic extract of T. indica seed (33.57 mg/l) was higher than T. indica bark (119.96 mg/l), and T. arjuna bark (43.51mg/l), respectively (Table 2 , 3, and 4). Among all treatments, the column purified fraction was observed to be more pronounced than other. The 24h LC 50 of column purified fraction of T. indica bark and seed were 71.34 mg/l and 40.08 mg/l respectively, while T. arjuna bark was 24h 57.07 mg/l respectively. At 96h of exposure period maximum toxicity was reported in T. indica seed (21.37 mg/l) in comparison to T. indica bark 33.10 mg/l, and T. arjuna 22.49 mg/l respectively (Table 2, 3, and 4) . No mortality in the Colisa fasciatus exposed to 24h of LC 90 (against I. exustus) of column purified active molluscicidal components was observed.
TLC analysis demonstrate that the Rf value of saponin (Rf 0.68), procynadine (Rf 0.77) and arjunolic acid (Rf 0.80) were equivalent to the Rf value column purified fraction of T. indica bark (Rf 0.68), seed (Rf 0.77) and T. arjuna bark (Rf 0.80) respectively. The LC 50 of active components saponin and procynadine of T. indica at 24h were 47.84 mg/l and 26.13 mg/l against I. exustus. 24h LC 50 arjunolic acid the active component of T. arjuna was 30.80 mg/l. The 96h LC 50 of saponin, procynadine and arjunolic acid were 33.10 mg/l, 9.73 and mg/l, 14.53 mg/l, respectively against I. exustus (Table 2, 3, and 4) . The order of toxicity of these two plants part against I. exustus was T. indica seed > T. arjuna bark > and T. indica bark. In control group of animals there was no mortality upto 96h exposure period.
The slope value given in table 2, 3 and 4 were steep and the separate estimate of LC based on each of 6 replicates were found to be within the 95% confidence limits of LC 50 . The regression analysis (t-ratio) was higher than 1.96 and heterogeneity factor was less than 1.0. The potency estimation test ('g' value) was less than 0.5 at all provability levels.
The result of the present study clearly demonstrates that the plant of Tamarindus indica and Terminalia arjuna are the potential source of molluscicidal activity. The toxicity study indicates that toxic component (s) of these two plants are soluble in water. The exposure of T. indica bark/seed and T. arjuna bark crude powder and their different treatments caused time and dose dependent molluscicidal activity, as evident from negative regression between exposure time and LC 50 of different treatments. Among all organic solvent extract maximum molluscicidal activity of ethanol extract indicates that molluscicidal component present in T. indica bark/seed and T. arjuna bark are more soluble in ethanol than water. Ethanol is polar solvent; consequently its extracts most chemical constituents in a plant may be soluble in water. The time dependent toxic effect of both of plant may be owing to the uptake of the active moiety, which progressively increased the amount of active component in the snail body with increased in exposure period, or possibly the active components could change in to more toxic forms in the aquarium water or in the snail body by the enzymatic action. No death occurs in control group of animal indicating that no factor other than plant moieties was responsible for mortality of treated animals. It is evident from co-migration on thin layer chromatographic plates (same Rf) that molluscicidal activity T. indica bark and seed may be due to the saponin and procynadine, where as in T. arjuna bark may be due to the presence of arjunolic acid, respectively.
Researches have shown that these two plants have different range of pharmacological properties. T. indica bark show the antimicrobial activity against some of pathogenic bacteria (Kapur and John., 2014) . Earlier saponin was reported as potent molluscicides (San Martin., 2007; Singh et al., 2012b; Upadhyay and Singh 2011) . More recently, Sujeith et al (2015) was studied the in-vitro antimicrobial activity against bacteria and fungi and in-vivo acute oral toxicity against adult wistar rat of Tamarindus indica seed coat extracts. T. indica seed extract inhibited phaspholipase A, Protease, hyaluronidase, l-amino acid oxidase, and 5'-nucleotidase enzyme activity of snake venom in a dose dependent manner (Al-Fatimin et al., 2007) .
The molluscicidal activity of T. arjuna bark may be due to the presence of triterpinoides, arjunolic acid as evident from the individual toxicity and identification by TLC. It has been reported that the bark of Terminalia arjuna is rich in polyphenol (60-70%) including flavonoides, tannin and triterpinoides (Nagar et al., 1979) . The bark of Terminalia arjuna posses board spectrum antimicrobial properties against different strain of bacteria (Morshed et al., 2011; Fakuruddin et al., 2011) . The ethanolic extract of bark of T. arjuna shows significant analgesic and cytotoxic effect (Morshed et al., 2011; Jethinlalkhosh and Antony., 2013) . Arjunolic acid shows the cytotoxic activity (Ramesh et al., 2012) .
Toxicity of T. indica seed and T. arjuna bark is in the high range of toxicity because the LC 50 value of organic extract was less than 100 ppm (Marston and Hostettmann., 1985 Singh and . A comparison of the molluscicidal activity of active component procynadine isolated from T. indica seed (96h LC 50 9.73 mg/l) with synthetic molluscicides carbaryl (96h LC 50 14.40), phorate (15.05 mg/l) and niclosamide (96h LC 50 11.8mg/l), (Singh and Agarwal., 1983) and active component arjunolic acid isolated from T. arjuna bark (96h LC 50 14.53 mg/l) with phorate (15.05 mg/l) (Singh and Agarwal., 1983) clearly demonstrate that active component of these plant product are more potent molluscicide than synthetic molluscicides. 96h LC 50 value of crude powder of T. indica seed (156.39 mg/l) was lower than other plant derived molluscicides Ferula asafetida (161.65 mg/l) (Kumar and Singh., 2007) , Cinnamomum tamala leaf powder (705.42 mg/l) (Srivastava and Singh., 2005) , B. veriegata leaf powder (238.17 mg/l) (Singh et al., 2013) where as T. arjuna bark powder was lower than Cinnamomum tamala leaf powder (705.42 mg/l) (Srivastava and Singh., 2005) .
The steep slope value indicates that even small increase in the concentration of different treatments in table 2-4 caused high mortality in the snail. Values of the 't' ratio is greater than 1.96 indicate that the regression are significant. Values of heterogeneity factor is less 1.0 denote that in the replicates test of random sample, the concentration response lines would fall within 95% confidence limits and thus the model fits the data adequately. The index of significance of potency estimation, g-value indicates that the value of the mean is within the limits at all probabilities (90, 95 and 99) as it is less than 0.5. This present shows that plant of T. indica and T. arjuna can be used as potent molluscicide since the concentration used to kill 90% of the snails were not toxic to the fish Colisa fasciatus which share the same habitat with the snails. These indigenous plant molluscicides might be a valuable, environmentally safe and sound source of molluscicidal agent without affecting the population of non targets animals. Nevertheless, further studies are required to determine the mechanism of action of these plants product in the snail body.
